A binary classification system has been established for group A rotaviruses, with the viral capsid protein VP7 defining G types and VP4 defining P types. At least 15 G types and 21 P types have been isolated globally with various G and P combinations. Most of the currently circulating human rotaviruses belong to G1P[8], G2P[4], G3P[8], and G4P[8]. We report a human rotavirus strain (B1711) with a novel genotypic VP7/VP4 combination of G6P[6]. This unique rotavirus was isolated from a 13-month-old human immunodeficiency virus (HIV)-negative child of an HIV-seropositive Malian mother that was hospitalized with severe diarrhea in Belgium after returning from a trip to Mali. The VP7 and VP4 genes of the rotavirus strain were sequenced, and phylogenetic trees were constructed. Nucleotide and amino acid sequence comparisons with 15 known G genotypes indicated that the VP7 sequence of strain B1711 was most closely related to an American (Se584) and an Italian (PA151) human G6 strain (95 to 96% nucleotide and 98% amino acid identity). Comparison of the VP4 sequence with 21 P types showed the closest similarity to P[6] genotypes, with greatest similarity to a G8P[6] Malawi strain (mw131) (97% nucleotide and 98% amino acid identity). The B1711 strain is the first reported rotavirus isolate with a G6P[6] genotypic combination. The discovery and surveillance of novel human and nonhuman rotavirus G or P types or of novel G/P combinations is essential for the design of future rotavirus vaccines and for our understanding of rotavirus diversity and evolution.
Group A rotaviruses are the single most important etiological agent associated with gastroenteritis in infants and young children (2, 40) . Rotavirus-associated diarrhea leads to more than 125 million cases of infantile gastroenteritis and 870,000 deaths each year, primarily in less developed countries (54) . In the United States it also results in $274 million in medical care costs and a total of $1 billion in societal costs (including indirect cost of lost parental work time) per year (47) . Rotaviruses contain 11 segments of double-stranded RNA within a core shell and are members of the Reoviridae family. Each segment encodes a single viral polypeptide, for a total of five nonstructural and six structural proteins (17) . The two outer capsid proteins VP7 and VP4, which independently elicit neutralizing antibodies, are the basis of a binary classification system for rotaviruses: G types (derived from the VP7 glycoprotein) and P types (derived from the protease sensitive VP4 protein). Thus far, 15 different G genotypes and 21 different P genotypes have been reported (2, 26, 31, 48) . Because VP4 and VP7 are encoded by different RNA segments, various combinations of G and P types can be observed (40) . Most G genotypes were serologically confirmed as serotypes (25) . Due to the lack of appropriate antibody reagents, a dual P-typing system (P serotype and P genotype) has been used (18) . Strains sharing more than 89% sequence identity at the amino acid level are considered to belong to the same P genotype (17, 27) . In the dual typing system, the P serotype is represented by a number immediately after the letter P, and the genotype is denoted by a number in square brackets (17) . Thus, a rotavirus strain having P serotype 1A and P genotype 8 is abbreviated as P1A [8] . Nowadays there is a growing trend for naming a rotavirus strain only by genotypes (like G1P [8] ) because no serotype has been designated for some of the more recently discovered P genotypes. Whereas only 11 P serotypes have been characterized, to date, at least 21 P genotypes have been discovered (37, 44, 48, 50) .
The four major human G types are G1, G2, G3, and G4, and the less common types are G5, G8, G9, and G12 (7, 29, 30, 36, 49) . G6 and G10 rotaviruses are the two major types isolated from cattle but have been infrequently encountered in humans. Until now, no rotavirus strains of G7 (chicken and cattle), G11 (pigs), G13 and G14 (horses), and G15 (cattle) have been isolated from humans (9, 10, 48) . Only a few epidemiological studies have studied the occurrence of P types. In humans, P [8] is the most common genotype detected worldwide, followed by P [4] and P [6] (20, 40) .
Few G6 rotaviruses have been found in human patients. The first characterized human G6 rotavirus strains, PA151 (G6P [9] ) and PA169 (G6P [14] ), were isolated in 1987 to 1988 from two Italian children hospitalized with severe gastroenteritis (23) . Another G6 human rotavirus strain, MG6 (G6P [14] ), was isolated in 1993 from a 16-month-old Australian child admitted to the hospital with acute gastroenteritis (46) . During 1996 to 1997, two G6P [14] rotavirus strains (MG6.01 and AG6.01) were isolated again in Australia (14) . A nucleotide sequence of a G6P [9] human rotavirus strain from the United States (Se584) was recently reported (30) .
G6 types are frequently isolated from cattle (12, 24, 41, 51, 55) . In a study of Japanese cows, 59.1% of the isolates were G6 (45) . Bovine G6 strains were reported in many countries to be combined with P [5] , P [2] , and P [11] (12, 13, 19) . One study on diarrheic piglets from an outbreak in Italy in 1983 and 1984 reported that all strains isolated were G6P [5] , a typical bovine G/P combination, and pointed out the high frequency of viral transmission between pigs and cattle (39) . The prevalence of rotaviruses with a P [6] genotype in European countries like Spain (11), the United Kingdom (34), Ireland (43) , and France (8) was 1 to 5% during the years 1996 to 1999. In Brazil, 12% of the isolates from children were P [6] in a study during 1997 to 1998 (4). In India (24%) and Bangladesh (24%) a high prevalence of P [6] was found (32, 35, 54) . The P [6] genotype was frequently detected in humans in African countries like Nigeria (66.7% during 1999 to 2000), Guinea-Bissau (37.7% during 1996 to 1998), Ghana (25.6% in 1998), and Malawi (32.6% during 1997 to 1999) (1, 5, 6, 15, 16, 21) . In South Africa it was the second most (8%) frequently isolated P type (52) . All these P [6] types were found to be in a combination with G9, G1, G2, G3, and G8.
We have isolated a unique rotavirus strain from a 13-monthold child who was admitted to the university hospital in Leuven, Belgium, with severe gastroenteritis. The VP7-and VP4-encoding genes were sequenced and characterized as G6P [6] . To our knowledge this is the first reported case of a group A rotavirus infection with this novel G6P [6] combination.
MATERIALS AND METHODS
Rotavirus antigen detection. Rotavirus antigens were detected in the stool specimen using the Premier Rotaclone solid-phase sandwich-type enzyme immunoassay (Meridian Bioscience, Cincinnati, Ohio). An aliquot of a fecal suspension was added to a plastic microtiter well coated with a monoclonal antibody directed against the rotavirus group-specific antigen VP6 protein. The solution was simultaneously incubated with an antirotavirus monoclonal antibody conjugated to horseradish peroxidase, resulting in the rotavirus antigen being sandwiched between the solid-phase and the enzyme-linked antibodies. After 60 min of incubation at room temperature, the sample well was washed to remove unbound enzyme-labeled antibodies. Urea peroxide and tetramethylbenzidine were added as substrates and incubated for 10 min at room temperature. The enzymatic reaction that converts the colorless substrate to a blue color was stopped with 1 N H 2 SO 4 , and the absorbance was determined spectrophotometrically. Specimens with absorbances (A 450 ) greater than 0.150 were considered positive.
RNA extraction. Viral RNA was extracted from 140 l of the feces sample using the QIAamp viral RNA minikit (Qiagen/Westburg, Leusden, The Netherlands) according to the manufacturer's instructions.
RT-PCR. The extracted RNA was denatured on 97°C for 5 min. G and P genotyping was performed as previously described by Gouvea et al. (28) and Gentsch et al. (22), respectively. Reverse transcriptase PCR (RT-PCR) was carried out using the Qiagen OneStep RT-PCR kit (Qiagen/Westburg). For G typing, we amplified a 1,062-bp fragment of the VP7 gene with the forward primer Beg9 (5Ј-GGCTTTAAAAGAGAGAATTTCCGTCTGG-3Ј; prototype strain Wa, GenBank accession number M21843, nucleotides [nt] 1 to 28) and the reverse primer End9 (5Ј-GGTCACATCATACAATTCTAATCTAAG-3Ј; prototype strain SA11, accession number K02028, nt 1062 to 1036). For P typing, Con3 (5Ј-TGGCTTCGCCATTTTATAGACA-3Ј; prototype strain KU, accession number M21014, nt 11 to 32,) and Con2 (5Ј-ATTTCGGACCATTTATAA CC-3Ј; prototype strain KU, nt 887 to 868) primers were used to amplify an 876-bp fragment of the entire VP8* fragment and the first 40 amino acids of the VP5* fragment of the rotavirus VP4 gene. The reaction was carried out with an initial reverse transcription step at 45°C for 30 min, followed by PCR activation at 95°C for 15 min, 35 cycles of amplification (30 s at 94°C, 45 s at 53°C, 1 min at 72°C), and a final extension of 7 min at 72°C in a GeneAmp PCR system 9700 thermal cycler (Perkin-Elmer, Foster City, Calif.). PCR products were run on a polyacrylamide gel, stained with ethidium bromide, and visualized under UV light.
A multiplex PCR was also performed for different rotavirus non-G6 types (G1, G2, G3, G4, G8, and G9) (28) . Type-specific forward primers derived from distinct regions of the VP7 gene for G1 (aBT1; 5Ј-CAAGTACTCAAATCAAT GATGG-3Ј; prototype strain Wa, nt 314 to 335), G2 (aCT2; 5Ј-CAATGATAT TAACACATTTTCTGTG-3Ј; prototype strain DS1, accession number M37348, nt 411 to 435), G3 (aET3; 5Ј-CGTTTGAAGAAGTTGCAACAG-3Ј; prototype strain P, accession number M37355, nt 689 to 709), G4 (aDT4; 5Ј-CGTTTCTG GTGAGGAGTTG-3Ј; prototype strain ST3, accession number M37364, nt 480 to 498), G8 (aAT8; 5Ј-GTCACACCATTTGTAAATTCG-3Ј; prototype strain 69 M, nt 178 to 198) (29) , and G9 (aFT9; 5Ј-CTAGATGTAACTACAACTAC-3Ј; prototype strain WI61, nt 757 to 776) (29) were combined with a reverse primer RVG9 (5Ј-GGTCACATCATACAATTCT-3Ј; prototype strain SA11, nt 1062 to 1044). This primer mix allows the amplification of fragments with a G-typespecific segment size on polyacrylamide gel electrophoresis. The reaction was carried out with an initial reverse transcription step at 45°C for 30 min, followed by PCR activation at 95°C for 15 min, 35 cycles of amplification (30 s at 94°C, 45 s at 50°C, 1 min at 72°C), and a final extension of 7 min at 72°.
Nucleotide sequencing. The PCR amplicons were purified with the QIAquick PCR purification kit (Qiagen/Westburg) and sequenced in both directions using the dideoxy nucleotide chain termination method with the ABI PRISM BigDye terminator cycle sequencing reaction kit (Perkin-Elmer Applied Biosystems, Foster City, Calif.) on an automated sequencer (ABI PRISM 3100) at the Rega Institute core sequencing facility. The Beg9 and End9 RT-PCR primers (for the VP7 gene) and the Con2 and Con3 primers (for the VP4 gene) were also used as sequencing primers.
DNA and protein sequence analysis. The chromatogram sequencing files were inspected using Chromas 2.2 (Technelysium, Helensvale, Queensland, Australia), and contigs were prepared using SeqMan II (DNASTAR, Madison, Wis.). Nucleotide and protein sequence similarity searches were performed using the National Center for Biotechnology Information (National Institutes of Health, Bethesda, Md.) BLAST (Basic Local Alignment Search Tool) server on GenBank database release 130.0 (3). Pairwise sequence alignments were performed using Lipman and Pearson's ALIGN program on the Southampton BioInformatics Data Server, and multiple sequence alignments were calculated using CLUSTALW (53) on the DDBJ (DNA Data Bank of Japan) server. Sequences were manually edited in the GeneDoc (version 2.6.002) alignment editor (42) .
Phylogenetic analysis. Phylogenetic and molecular evolutionary analyses were conducted using the MEGA version 2.1 software package (38) , based on the different G6 and P [6] rotavirus sequences available in GenBank version 130.0. Genetic distances were calculated using the Kimura-2 parameter. The dendrograms were constructed using the neighbor-joining method.
Nucleotide sequence accession numbers. The nucleotide sequence data reported in this paper were deposited in GenBank using the National Center for Biotechnology Information BankIt v3.0 submission tool (http://www3.ncbi.nlm .nih.gov/BankIt/) under accession numbers AF532202 (for the VP7 gene) and AF532203 (for the VP4 fragment). 
RESULTS AND DISCUSSION
Case history and rotavirus antigen detection. Immediately upon returning from a 1-month vacation to Mali in February 2002, a 13-month-old human immunodeficiency virus-negative child from a human immunodeficiency virus-seropositive Malian mother developed gastroenteritis with nausea, vomiting, and severe diarrhea. After 6 days of passing watery stools, progressive dehydration necessitated hospitalization for intravenous rehydration therapy. A stool specimen (B1711) was found positive for rotavirus using a commercial rotavirus antigen enzyme immunoassay (Premier Rotaclone). The further recovery of the child was uneventful, and she was able to leave the hospital after 3 days.
Multiplex rotavirus RT-PCR. Our routine multiplex RT-PCR strategy (28) that allows detection and discrimination of rotavirus G1, G2, G3, G4, G8, and G9, failed to yield a typespecific rotavirus band with the B1711 sample. Since the general VP7 primers Beg9-End9 amplified a 1,062-bp rotavirusspecific band, this pointed to the presence of a non-G1/G2/G3/ G4/G8/G9 rotavirus.
VP7 sequence analysis and determination of G type. The partial nucleotide (1,007 bp) and deduced amino acid se- quences of the VP7-encoding gene of the B1711 strain were determined (GenBank accession number AF532202), and compared with VP7 sequences of prototype strains belonging to G1 to G15 (Table 1 and Fig. 1 ). Sequence comparison indicated that the VP7 sequence of strain B1711 was most closely related to the VP7 of the G6 prototype strains, such as the American human G6 strain Se584 (96% identity at the nucleotide sequence level and 98% identity at the amino acid sequence level), the Italian human G6 strain PA151 (95% nucleotide and 98% amino acid similarity) and the bovine G6 NCDV strain (82% nucleotide and 90% amino acid similarity). Rotavirus strains representing other G types exhibited much less nucleotide and amino acid similarity (64 to 78% nt and 61 to 85% amino acid similarity) with our B1711 strain.
A more detailed phylogenetic analysis (Fig. 2 ) that included all known G6 VP7 sequences that were available in the GenBank database (release 130.0) confirmed that our B1711 strain clustered with the American human G6P [9] Se584 strain and the Italian human G6P [9] PA151 strain in a cluster of human G6 strains (cluster G6-I) that is related to a bovine cluster (cluster G6-II) of G6P [11] strains. Since the G6 sequence of the B1711 strain is located in a human cluster of the G6 phylogenetic tree, it is likely that the infection was the result of human-to-human transmission, rather than a recent bovine-tohuman interspecies transmission event. Since G6 rotaviruses are the most prevalent genotype in cattle worldwide and are only rarely encountered in humans, it is likely that the G6 genotype is originally of bovine origin. Genetic analysis of the human PA151 isolate showed that at least 7 of the 11 RNA segments were of bovine origin (33) . Other characterized G6 strains cluster in a separate human cluster G6-III (including G6P [14] PA169) and a bovine cluster G6-IV (including G6P[1] NCDV). It seems likely that there were two major natural bovine-human transmission events that led to the perpetuation of G6 strains in human populations. Since bovine and human G6 strains did not occur interspersed in the same cluster, this also suggested that interspecies transmission between bovines and humans is relatively uncommon. Since the isolates from the same cluster were found in different geographical regions on different continents (e.g., B1711 in Belgium-ex-Mali, Se584 in the United States, PA151 in Italy), it is likely that the two bovine-human transmission events are not of recent origin. Further molecular evolutionary studies might yield insights in the phylogenetic dating of these transmission events.
VP4 sequence analysis and determination of P type. The partial VP4-encoding gene sequence (835 bp; accession number AF532203) of strain B1711 was compared with other established P genotypes (Table 2 and showed the highest similarity to rotavirus P [6] types, with the greatest identity to Malawi strain mw131 (97% nucleotide and 98% amino acid identity). Non-P [6] rotavirus strains showed only 58 to 72% nucleotide similarity or 42 to 72% amino acid similarity with the B1711 strain in the VP4 region.
In a phylogenetic analysis of all known P [6] VP4 sequences that were available in the GenBank database (release 130.0) (Fig. 4) , all human P [6] sequences clustered together and were only distantly related to the porcine Gottfried P [6] G4 strain.
Origin of the G6P[6] rotavirus strain. The most-related VP7 sequences of the Belgian-ex-Mali G6P [6] B1711 strain are two G6P [9] strains from Italy and the United States (Fig. 2) , and the most-related VP4 sequences are four Malawi G8P [6] strains (Fig. 4) . G6P [6] rotaviruses might therefore be the result of a natural reassortment event between a G6P [9] strain with a G8P [6] strain, although reassortment between other G6-and P [6] -bearing rotaviruses cannot be ruled out.
Our patient had traveled to Mali in West Africa, and developed the rotavirus diarrhea immediately upon returning to Belgium. Rotavirus P [6] strains are currently a common P genotype in humans in African countries such as Guinea-Bissau, Nigeria, Ghana, Malawi, and South Africa but are uncommon in European countries such as France (1.3% during 1997 to 1998) (1, 6, 8, 16, 21, 52) . These findings support the hypothesis that an African P [6] strain may be the donor of the VP4 gene of our strain. Domestic animals and humans live closely together in many African rural regions and often share the same source of water, increasing the chance of animal-human transmission and mixed rotavirus infections. Bovine rotavirus G6 strains are the predominant genotype in African cattle and may have been the presumed donor of the VP7 gene in the G6P [6] strain that our patient carried to Belgium. It is most likely that, although isolated in Belgium, the B1711 isolate is a bona fide African rotavirus strain.
A study undertaken in Guinea-Bissau between 1996 and 1998, reported that 30% of the P[6] strains could not be G genotyped by the multiplex RT-PCR with primers that would have amplified G1, G2, G3, G4, G8, and G9 genotypes (21) . It is possible that G6 rotaviruses constituted a major portion of these P [6] strains. Therefore, G6P [6] might already be prevalent in West Africa. It would be of interest to further characterize these nontypeable human West African strains.
The B1711 isolate is to our knowledge the first G6P [6] rotavirus described. Continued surveillance of rotavirus strains in both developed and developing countries, and in both humans and animals, will provide novel insights into the interspecies transmission processes of rotaviruses. Such molecular epidemiological studies will also be necessary in the planning, introduction, and postmarketing surveillance of rotavirus vaccines. 
